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Introduction
Magnetic resonance imaging (MRI) is the method of choice when examining soft tissue tumors [1, 2] . Some benign tumors, such as lipomas and hemangiomas, can be safely diagnosed using MRI without the need of a biopsy [1, 3, 4] . Intra-articular sarcomas however pose a diagnostic problem, since they have similar MRI features to benign localized (unifocal) pigmented villonodular synovitis (PVNS) [5] [6] [7] [8] [9] . Since asymptomatic localized PVNS does not require surgical intervention, avoiding unnecessary biopsies of the much more common localized PVNS, without missing sarcomas, would be valuable. Localized PVNS is a benign neoplastic process representing approximately 6% of all PVNS and can, if the lesion is symptomatic, be removed arthroscopically with a negligible risk of recurrence [9, 10] . Sarcomas on the other hand are intermediate or high-grade malignant tumors with a high potential for metastases. Extensive surgery is required, sometimes ending in amputation [8] . Synovial sarcomas have the highest incidence among intra-articular sarcomas [11] . The term "synovial" is a misnomer, as the tumor does not origin from synovia. It merely reflects the histopathological similarities to developing synovial tissue [5] . No radiological distinguishing features have been established to differentiate intra-articular synovial sarcomas from benign tumors and in the literature there are only case reports or reviews of case reports [5, 6, [12] [13] [14] [15] [16] . In this study we reviewed 7 patients with intra-articular synovial sarcomas, Sarcoma which is a comparatively large material of these rare tumors. These were blindly reviewed together with localized PVNS to evaluate if any variables would be useful for differentiation. We also investigated if multivariate data analysis could add differential diagnostic information. Finally, data from the Scandinavian Sarcoma Group (SSG) on synovial sarcomas were compared to the intra-articular synovial sarcomas.
Materials and Methods

Patients and Register Data.
Within the SSG 7 cases (6 males and 1 female) of intra-articular synovial sarcomas have been recorded between the years 2000 and 2013, all having MRI examinations. The mean age was 21 years (range 9-35 years). Six were located in the knee joint and 1 in the elbow joint. All 7 cases had chronic pain and pain on movement. One patient had symptoms for 5 months and the other 6 for at least 1 year. All diagnoses were histopathologically confirmed by pathologists subspecialized in sarcomas, based on histological appearance in combination with immunohistochemistry. Four cases were also tested and found to be positive for the translocation between chromosome X and chromosome 18 (SYT-SSX), which is specific for synovial sarcomas [14] . Three synovial sarcomas were monophasic and four were biphasic. Four patients were treated by operation and chemotherapy, one patient had operation and radiotherapy, one patient had only operation, and one patient refused operation but was treated with both chemotherapy and radiotherapy. No metastases were found at presentation. One patient had a recurrence and died 2.5 years after diagnosis, while 6 patients are disease-free.
For comparison, 14 MRI examinations of patients with localized (unifocal) PVNS (5 males and 9 females) diagnosed at a Sarcoma Center were included. Mean age was 42 years (range 15-70 years). Seven cases had histopathological specimens and all were diagnosed by pathologists subspecialized in sarcomas and soft tissue pathology. The other 7 were not operated on, but all were followed up clinically for up to 3 years with no signs of progression.
A senior radiologist with more than 30 years of experience in bone and soft tissue tumors, blinded to the diagnoses and clinical data, reviewed all 21 MRI examinations with regard to variables chosen from previous studies [5, 17, 18] : largest diameter (size), extra-articular growth, tumor border (well-defined or infiltrative), bowl of grapes sign, triple signal intensity sign, blooming (magnetic susceptibility artifact seen on gradient echo sequences (GRE)), calcification on radiographs, and contrast media enhancement [8, 18] . The amount of effusion ("small" refers to normal amounts of fluid, "large" refers to the bursa suprapatellaris or elbow joint being clearly distended with fluid, and "moderate" refers to being in-between small and large), low signal intensity in the synovia (suggesting hemosiderin), and synovitis (general synovial contrast enhancement and/or "rice bodies") were also investigated. MRI sequences differed since most cases were referred.
Data on soft tissue sarcomas were extracted from the SSG Central Register, where data on all sarcoma patients in Scandinavia from 1979 and forward are recorded. Up until July 2014, a total of 9327 soft tissue sarcomas were registered. 334 of them lacked some relevant information and were therefore excluded. A total of 446 cases of synovial sarcomas (Table 1) were diagnosed between 1986 and 2013, which amounts to 5% of all soft tissue sarcomas in the register. Mean age at diagnosis was 39 years (range 6-86 years). The male : female ratio was 1 : 1. Between 2000 and 2013 a total of 226 synovial sarcomas were diagnosed. During this period approximately 3% of the synovial sarcomas were intraarticular (7/226). In addition to the 7 synovial sarcomas, there was one case of an intra-articular chondrosarcoma and one case of an intra-articular liposarcoma in the SSG Register between 2000 and 2013.
Statistics.
For univariate data analysis Kruskal-Wallis 1-way ANOVA and Fisher's exact test were used. Bonferroni correction was subsequently used. Phi was used for covariation analysis. < 0.05 was chosen as the significance level.
For multivariate data analysis the method partial least squares-discriminant analysis (PLS-DA) was used (SIMCA; Umetrics AB, Umea, Sweden). PLS-DA relates data matrices to each other by a linear multivariate model. Before performing PLS-DA, data are mean-centered and scaled to unit variance. A -matrix is formed, encoding class membership by a set of "dummy" variables (e.g., group one = 0 and group two = 1). PLS-DA then relates the -matrix, containing the observed data, and to each other by a linear multivariate model. The aim of PLS-DA is to create a predictive model that, using linear combinations of the variables, best separates groups within the data. The prediction parameter, 2 , provides an estimate of the predictive power of a principal component. For the models built in this study 2 needs to Sarcoma 3 be larger than 0.05. PLS-DA gives one or more vectors of scores ( ), which summarizes all the variables entering the analysis. A score plot can be seen as a window in the -space, displaying the observations (i.e., patients) as situated on the projection planes. The variable influence on projection (VIP) parameters reflect the importance of terms in the model with respect to both and . Terms with large VIP, larger than 1, are the most relevant for explaining . Effusion was treated as a quantitative variable ranging from 1 (small) to 3 (large). When analyzing SSG-data on all synovial sarcomas, receiver operating characteristics (ROC) analysis was used to find the best cut-off values for age and tumor size as prognostic factors.
Results
All patients with available MRI sequences had the same results for well-defined borders (all), bowl of grapes sign (none), triple signal intensity sign (none), and contrast enhancement (all), and these variables were excluded in the final analysis. Covariation was tested for size and calcification in the intra-articular sarcomas and was not significant ( = 0.06).
Univariate Data Analysis.
Data for localized PVNS and intra-articular sarcomas are shown in Table 2 . No variables were significant after Bonferroni correction.
Multivariate Data Analysis.
Calcification and blooming were excluded in the multivariate data analysis due to the number of cases with missing radiographs (12 cases) or missing GRE sequences (14 cases). PLS-DA gave a onecomponent model. 2 , the variance in explained by the Figure 1 shows the score plot of the significant component ( 1 ) of the PLS-DA model. Figures  2 and 3 show two sarcomas with different 1 values: one with a high 1 and one with more indeterminate 1 . Figure 4 shows localized PVNS with large amounts of effusion.
The VIP of the PLS-DA in Figure 1 is shown in Table 3 . VIPs are sorted in descending order of importance and it can be concluded that the variables age, effusion, size, and gender were the most important variables for the separation.
ROC Analysis.
Most important prognostic factors on all synovial sarcomas were age ≤ 20 years and size ≤ 5 cm. 82% of patients aged ≤ 20 and 75% of patients with a tumor ≤ 5 cm had disease-free survival at latest follow-up.
Discussion
Using multivariate data analysis, the most important variables to differentiate intra-articular synovial sarcomas from localized PVNS were size, effusion, age, and gender. With univariate analysis no variables were significant after Bonferroni correction. Differentiating intra-articular synovial sarcomas from benign tumors is difficult and no certain radiological features have been established. The most challenging differential diagnosis is localized PVNS [5, 6, 10, [12] [13] [14] [15] [16] . Using multivariate data analysis this study showed that the most important variables for differentiation were size, effusion, age, and gender. PVNS had a size of 1-4 cm in a study by Murphey et al., although larger localized PVNS have been found [9, 10] . In our material all but one localized PVNS were ≤3 cm; that is, larger tumors should raise suspicion of a sarcoma. Importantly, however, intra-articular synovial sarcomas can be small [5] . Interestingly, moderate and large amounts of effusion were only found in PVNS. According to a study by Huang et al. on PVNS 8 out of 21 had effusion [10] . In previous reports of intra-articular synovial sarcomas a mean age of approximately 34 years has been presented, with only one patient being >50 years old [5] . The oldest sarcoma patient in our data was 35 years old. According to Murphey et al. PVNS is most common in the 3rd to 5th decades of life [9] . Since the male : female ratio is 1 : 1 in extra-articular synovial sarcomas, it was surprising that 6/7 intra-articular sarcoma patients were males. Friedman et al. have presented similar gender data on intra-articular synovial sarcomas with more than 70% of patients being males [5, 19] . However, the reason remains unclear. In synovial sarcomas chromosome X involves a SYT-SSX fusion gene, a very specific chromosomal translocation between chromosome X and chromosome 18 (t(X; 18)), which thereby could be subject to some gender difference [14] .
Calcification and blooming were excluded in the multivariate data analysis due to several cases with missing radiographs or GRE sequences. Nevertheless, calcification is an important variable. Approximately 30% of synovial Sarcoma 5 sarcomas have calcifications, while calcifications are not present in PVNS [6, 9] . In our material only 2 sarcomas had radiographs performed, but both had calcifications. This emphasizes the value of radiographs for differentiating intraarticular tumors. In our material only 7 patients had a GRE sequence performed, with 1/5 localized PVNS having "blooming" and 1/2 sarcomas also having "blooming." Thus, it could be questioned if GRE sequence is of value in localized intra-articular tumors. Extra-articular growth was not found to be significant in our study. However, it was only seen in one case (Figure 2 ), which was a sarcoma. In this study we also evaluated low signal intensity in the synovia (suggesting hemosiderin) and synovitis (contrast enhancement and/or "rice bodies"), but none of them was significant. For the following variables the results were identical for both groups, well-defined border, bowl of grapes sign, triple signal intensity sign, and contrast enhancement, which therefore ought to be of no clinical use. Although evaluated in other studies, we choose not to test for lobulation or bone invasion. In our experience, lobulation is too subjective for evaluation, and without radiographs or computed tomography bone invasion is difficult to differentiate from pressure erosions, which can be seen in PVNS [8] .
No sarcoma was misclassified as PVNS in the multivariate data analysis, while some PVNS were misclassified as sarcomas. Since sensitivity is more important than specificity for malignant tumors, this is useful in a clinical setting. A biopsy would be indicated when the multivariate data analysis suggests a sarcoma, while a biopsy could be avoided when the tumor is classified as most likely being a localized PVNS. However, one sarcoma was close to being misclassified as a PVNS. In clinical practice, when an unknown intra-articular tumor needs to be differentiated between a sarcoma and localized PVNS, it should be tested against the model and inserted to the PLS-DA 1 score plot. The further it is from the zero line, the stronger the suggestion is for either sarcoma or PVNS. This information will be regarded as additive to the radiologist's own judgement.
Extra-articular synovial sarcomas in the SSG Register had a higher mean age and larger mean size at diagnosis than intra-articular synovial sarcomas. This could be due to intra-articular tumors presenting with earlier symptoms. The incidence of synovial sarcoma arising in a joint has been unknown but believed to be low [6] . According to our data the incidence of intra-articular synovial sarcomas is 3% of all synovial sarcomas. The overall disease-free survival for intra-articular synovial sarcomas was 86% and for all synovial sarcomas 54%. For all synovial sarcomas in the SSG Register the disease-free survival was 98% in patients with tumor size ≤ 5 cm and age ≤ 20 years, compared to 32% in the group with size > 5 cm and age > 20 years. The only patient with intra-articular sarcoma in our study that did not survive had a tumor size of 3 cm.
There are some limitations to this study. Because of the rareness of the tumor, the material is small and the statistical analysis must be interpreted with care. However, we believe that the multivariate data analysis gives valuable clinical guidance. The database used only exists in our Sarcoma Center at this point, although an international database could be created. An advantage of using and expanding the database is that this could further improve the PLS-DA model in separating the tumors. We chose to include only localized PVNS as differential diagnosis, since other diagnoses rarely cause a problem. Multifocal PVNS is easily differentiated from a sarcoma, while hemangiomas and synovial osteochondromatosis also have a specific appearance [5, 6, 11] . Other sarcomas can exist intra-articularly but are even rarer. In 7 cases of localized PVNS there was no histopathological specimen, but all these patients are followed up at the Sarcoma Center with no suspicion of a sarcoma. In localized PVNS with no symptoms an operation is not advocated.
In conclusion, size, effusion, age, gender, and calcification are most useful for differentiation between sarcomas and localized PVNS. Sarcomas tend to be larger, have a small effusion, and be calcified, and the patients are younger and of male gender. To detect calcifications we recommend using radiographs as a complement to MRI. Although univariate analysis can be helpful, it is problematic in knowing how to best combine variables or which ones to rely upon. To overcome this a new approach was used, multivariate data analysis, which can be used as additive information to the radiologist. A biopsy could be avoided if it predicts that the tumor most likely is a localized PVNS.
